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( 57 ) ABSTRACT 

Embodiments of the present disclosure provide a data pro 
cessing method , an electronic device and a computer - read 
able storage medium . The data processing method com 
prises : obtaining a model representing causal relations 
among a plurality of variables based on a set of observation 
data of the plurality of variables , determining , based on the 
obtained model , a first and a second variables having direct 
causal relation in the plurality of variables , determining 
whether the first and second variables are independent from 
each other ; and in response to the first and second variables 
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being independent from each other , deleting the direct causal 
relation between the first and second variables from the 
obtained model . With the data processing method of the 
present disclosure , pseudo - causes can be removed effec 
tively so that causal relations among a plurality of variables 
can be represented more accurately . 
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DATA PROCESSING METHOD AND variables being independent from each other , deleting the 
ELECTRONIC DEVICE direct causal relation between the first and second variables 

from the model . 
FIELD In a second aspect of the present disclosure , there is 

5 provided an electronic device comprising a processor and a 
Embodiments of the present disclosure relate to the field memory having instructions stored thereon which , when 

of data mining and machine learning , and more specifically , executed by the processor , cause the electronic device to 
to a data processing method , an electronic device and a perform acts of : obtaining a model representing causal 
computer - readable storage medium for determining causal relations among the plurality of variables based on a set of 
relations among a plurality of variables . 10 observation data of the plurality of variables ; determining , 

based on the model , a first and a second variables having 
BACKGROUND direct causal relation in the plurality of variables , determin 

ing whether the first and second variables are independent 
With rapid development of information technology , data from each other , and in response to the first and second 

is growing in scale . In the era of big data , a large amount of 15 variables being independent from each other , deleting the 
data may be obtained through various data collection direct causal relation between the first and second variables 
approaches . Lots of useful information may be obtained by from the model . 
performing data analyzing and mining to such data . How- In a third aspect , there is provided a computer - readable 
ever , in various application fields , only the appearance or storage medium having computer - executable instructions 
running performance of the system can be observed while it 20 stored thereon which , when executed , cause a computer to 
is hard to have an insight into the complex mechanism and perform the method according to the first aspect of the 
process of actions behind the system and only empirical present disclosure . 
understanding can be obtained . This Summary is provided to introduce a selection of 

Causal relation learning is aimed at restoring complex concepts in a simplified form that are further described 
mechanism of actions behind the system automatically with 25 below in the Detailed Description . This Summary is not 
a computer and reproducing a data generation process based intended to identify key features or essential features of the 
on observation data of the system . Currently , causal relation claimed subject matter , nor is it intended to be used to limit 
learning has been applied to various fields , such as market the scope of the claimed subject matter . 
analysis , pharmacy , manufacturing and so on to have an 
insight into nature of the system and further guide decision- 30 BRIEF DESCRIPTION OF THE DRAWINGS 
making . For example , in the field of product retail , when 
there is decline in product sales , causal relation learning Through the following detailed description with reference 
technology is able to find the cause of sales decline by to the accompanying drawings , the above and other objec 
analyzing sales - related data , thereby helping merchants with tives , features , and advantages of exemplary embodiments 
improving sales . For another example , in the field of health 35 of the present disclosure will become more apparent . In 
care , causal relation learning technology is able to help example embodiments of present disclosure , the same ref 
health care centers by analyzing root causes of their cus- erence symbols usually represent the same components . 
tomers ' churn and assist in the development of their cus- FIG . 1 is a schematic diagram illustrating an exemplary 
tomer retention scheme . For another example , in the field of runtime environment in which embodiments of the present 
software development , causal relation learning technology 40 disclosure may be implemented ; 
can support timely prediction on whether project under FIG . 2 illustrates an initial causal relation model obtained 
developing has risks of delays and low quality etc. , and with a model training system in FIG . 1 ; 
locate the causes of the risks so as to support automated FIG . 3 illustrates an optimized causal relation model 
management of software development . outputted by a model optimization system in FIG . 1 ; 

At present , a causal relation Bayesian network is a main- 45 FIG . 4 illustrates a flowchart of a data processing method a 
stream method for discovering a causal relation . It may be in accordance with embodiments of the present disclosure ; 
further divided into statistical independence - based method FIG . 5 illustrates a flowchart of a method for determining 
( for example , constraint - based method ) and score - based whether two variables are independent in accordance with 
method . However , accuracy of causal relation obtained with embodiments of the present disclosure ; and 
these two kinds of methods is generally not satisfactory . FIG . 6 is a schematic block diagram of an exemplary 

device that may be used to implement embodiments of the 
SUMMARY present disclosure . 

> 

a a 

50 

Embodiments of the present disclosure provide a method DETAILED DESCRIPTION OF EMBODIMENTS 
for data processing , an electronic device and a computer- 55 
readable storage medium , with which causal relations can be Principles of the present disclosure may be described 
accurately obtained . below with reference to several exemplary embodiments 

In a first aspect of the present disclosure , there is provided shown in the drawings . Although preferred embodiments of 
a data processing method . The method comprises obtaining present disclosure are displayed in the drawings , it is to be 
a model representing causal relations among a plurality of 60 understood that these embodiments are described only to 
variables based on a set of observation data of the plurality enable those skilled in the art to better understand and 
of variables . The method further comprises determining , further implement the present disclosure rather than to limit 
based on the model , a first and second variables having the scope of the present disclosure in any manner . 
direct causal relation in the plurality of variables . The It is to be understood that terms “ first ” and “ second ” are 
method further comprises determining whether the first and 65 only used to differentiate one element from another . As a 
second variables are independent from each other . The matter of fact , the first element may also be referred to as the 
method further comprises in response to the first and second second element and vice versa . In embodiments of the 
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present disclosure , term “ model ” generally refers to a rela- As described above , embodiments of the present disclo 
tional structure of a certain system that is generally or sure may be applied to the product retail field , health care 
approximately expressed in a mathematical language with field , and software development field . However , embodi 
reference to features of the system . The term " causal relation ments of the present disclosure are not limited to the 
model ” generally refers to a model that describes a causal 5 above - mentioned fields , but can be applied to any data 
relation structure of a system . processing and analyzing fields that enable a computer to 
As mentioned above , in real life , it is often desired that a understand causal relations contained in data . 

computer can understand internal relations existed in big In the following , reference will be made to FIGS . 1 to 6 
data , for example , the causal relations among a plurality of to describe the solution of the present disclosure for deter 
factors ( also referred to as " variable ” in the present appli 10 mining the causal relations among a plurality of variables . 

However , it is to be noted that this description is only for the cation ) is determined based on analysis to the big data , so as purpose of illustration and the present disclosure is not to provide relevant decisions for specific fields . In a con limited to these embodiments and details in the drawings . ventional scheme , causal relations among a plurality of FIG . 1 is a schematic diagram illustrating a runtime 
variables are normally discovered with statistical indepen- 15 environment 100 in which embodiments of the present 
dence - based methods and score - based methods . The statis disclosure may be implemented . It is to be understood that 
tical independence - based methods employ independence the environment 100 shown in FIG . 1 is only an example in 
test to determine whether there is causal relation between which embodiments of the present disclosure may be imple 
variables and the direction of the causal relations . Repre- mented , without limiting the application environment and 
sentative algorithms include PC ( Perter - Clark ) algorithm , 20 scenario of the present disclosure . Embodiments of the 
stable PC , PCI ( Fast Causal Inference ) and the like . How- present disclosure are also applicable to other environment 
ever , the accuracy of causal relation being discovered is not or architecture . 
ideal due to constraints of accuracy of independence test and As shown in FIG . 1 , the environment 100 may include a 
transmissibility of determination error during the causal data storage system 120. The data storage system 120 is used 
relation discovery process . 25 for storing a set of observation data X ( XERNXD ) of a 

Score - based method may measure the degree of fitness plurality of variables , which may be represented as an N * D 
between the observation data and the causal relation network matrix , where N is the number of observed samples and D 
by designing decomposable scoring criteria , and guide a is the number of dimensions of observed variables or 
search for the optimal causal network , e.g. , GES ( Greedy number of the observed variables . Taking the product retail 
Equivalence Search ) , with the scoring criteria . However , 30 field as an example , it is assumed that the observed variables 
since most existing scoring criteria mainly consider fitting are season , temperature , humidity , weather ( for example , 
degree of observed variables to target variables , a large whether it rains ) , sales volume of umbrella , sales volume of 
amount of false causal relation is retained and therefore , the ice cream and sales volume of sunscreen cream , then the 
obtained accuracy of causal relation is not ideal either . number D of the observed variables is 7. Assuming that 

In data analysis , causal relation with low accuracy cannot 35 these variables are observed for thirty days , then the number 
provide users with proper decisions , or even mislead the N of the observed samples is 30 and the observed samples 
users , thereby causing negative influence . Taking product of the ith day ( 1sis30 ) are consist of the season of the day , 
retail field as an example , if two variables that have no the temperature of the day , whether it rains that day , the sales 
causal relation originally are considered to have a causal volume of umbrella that day , the sales volume of ice cream 
relation , for example , wind is taken as a cause of sales rise 40 that day and the sales volume of sunscreen cream that day . 
of umbrellas by mistake , it would mislead umbrella retailers Data in the set X of observation data may be data from a 
to increase supply of umbrellas when it is windy but does not third party ( e.g. , sales website , weather forecast provider and 
rain , which actually will not bring any benefits . so on ) or the data may be collected in other ways . Besides , 

To this end , a data processing method , an electronic the data may be pre - processed in advance , for example , 
device and a computer - readable storage medium is provided 45 pre - processing like integration , specification , and noise 
according to embodiments of the present disclosure , for reduction and so on to raw data . These pre - processing 
enabling a computer to discover innate causal relations operations per se are already known in the art and will not 
among a plurality of variables more accurately . In embodi- be repeated herein . 
ments of the present disclosure , first of all , preliminary The environment 100 may further include a model train 
causal relations are obtained based on a set of observation 50 ing system 110 which receives a set X of observation data of 
data of a plurality of variables using , for instance , score- a plurality of observed variables from the data storage 
based causal relation learning method . Then , the preliminary system 120. The model training system 110 may obtain a 
causal relations are optimized using independence check preliminary model ( also referred to as a preliminary causal 
and / or conditional independence check to remove pseudo- relation model below ) representing causal relations among a 
causes in the preliminary causal relations thereby obtaining 55 plurality of variables based on the set of observation data 
optimized causal relations . Since score - based learning using an existing technology e.g. , score - based Bayesian 
method and independence check - based learning method are causal relation network or other causal relation discovery 
synthesized reasonably , and a large amount of pseudo- technology . For example , the preliminary causal relation 
causes induced by score - based method are eliminated using model may be generated through training based on the set of 
the independence check , compared with causal relations 60 observation data . 
determined with a conventional method , accuracy of the FIG . 2 illustrates a preliminary causal relation model 200 
optimized causal relations finally obtained in the present obtained with the model training system 110. As shown in 
disclosure is higher , so that a more accurate understanding FIG . 2 , the preliminary causal relation model 200 is repre 
of the complex mechanism and process of actions behind the sented as a directed acyclic graph in which the nodes 
system can be obtained , potential relations between vari- 65 represent a plurality of variables and a directed edge 
ables can be discovered and more effective decision can be between two nodes denotes the existence of direct causal 
provided to the users . relation between the two nodes and the direction of the 
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causal relation , for example , the source node is a direct cause FIG . 3 , since the variables 6 and 27 are independent , the 
of the target node . It is to be understood that the directed edge between the variables 6 and 27 is deleted . In probabil 
acyclic graph is only an exemplary representation of causal ity and statistics , random variables X and Y being indepen 
relation and embodiments of the present disclosure are not dent means that the occurrence of the variable Y will not 
limited in this regard . Those skilled in the art may represent 5 influence the variable X , that is , the variable Y will not be 
the causal relation in other manners according to an actual the cause of the variable X , or the variable X will not be the 
application . The causal relation model 200 shown in FIG . 2 effect of the variable Y , and vise verse . Therefore , if two represents the causal relations among 37 variables . It is to be variables having direct causal relation in the preliminary understood that 37 is only an illustrative number of variables causal relation model 200 are independent from each other , and the number of variables may be any integer greater than 10 the direct causal relation between the two variables in the 1 based on an actual application . As shown in FIG . 2 , there model 200 is indeed statistically false ( namely , pseudo is a directed edge between node 5 and node 6 , indicating that cause ) , and should be deleted . The model optimization the variable represented by the node 5 is a direct cause of the 
variable represented by the node 6 and the variable repre system 140 actually deletes pseudo - causes exactly based on 
sented by the node 6 is a direct result of the variable 15 this principle so that the causal relation represented by the 
represented by the node 5 , that is , there is a direct causal optimized causal relation model 300 outputted by the model 
relation between the two variables . optimization system 140 is more accurate . 
As stated above , since most of the scoring criteria adopted On the other hand , since the model optimization system 

by the score - based method mainly consider fitting degree of 140 performs independence check for variables having 
the observed variable to the target variable to select causes 20 direct causal relation based on the preliminary causal rela 
for target variables , a large amount of false causal relations tion model 200 outputted by the model training system 110 
are retained . As a result , the preliminary causal relation rather than performing independence check for any two 
model 200 obtained with the model training system 110 is among the plurality of variables , it can save computational 
generally not accurate enough . Therefore , according to resources and improve computing speed while improving 
embodiments of the present disclosure , the environment 100 accuracy . 
may further include a model optimization system 140 which FIG . 4 is a flowchart illustrating a processing method 400 
receives the preliminary causal relation model 200 from the for determining causal relations among a plurality of vari 
model training system 110 and determines variables having ables in accordance with embodiments of the present dis 
direct causal relations based on the causal relation model closure . Method 400 may be performed by the model 
200 , e.g. , variables 5 and 6 , variables 6 and 27 , variables 13 30 training system 110 and model optimization system 140 
and 9 and so on , as shown in FIG . 2 . shown in FIG . 1 jointly . 

Furthermore , the model optimization system 140 may At block 402 , the model training system 110 obtains a 
determine whether two variables having direct causal rela model representing causal relations among a plurality of 
tions are independent or conditionally independent based on variables , namely , a preliminary causal relation model , 
a statistical method ( in embodiments of the present disclo- 35 based on a set of observation data of the plurality of 
sure , independence and conditional independence are col variables . As described above , the set of observation data of 
lectively referred to as independence ) . For two variables the plurality of variables may be from a variety of sources . 
being determined as independent , the model optimization In the product retail field mentioned above , the set of 
system 140 may delete the direct causal relation between the observation data may be from a retail website , a weather 
two variables from the preliminary causal relation model . 40 forecast provider and so on , or may be obtained by other 
The model optimization system 140 may repeat the above 
process for each direct causal relation in the preliminary In an embodiment of the present disclosure , the model 
causal relation model , so as to obtain an optimized causal training system 110 may obtain a preliminary causal relation 
relation model and output it , for example , storing in a model model using various technologies . For ease of depiction , a 
storage system 130 for subsequent use . For example , when 45 score - based Bayesian network will be used as an example to 
an automated decision - making is performed with a com describe the specific process for the model training system 
puter , the optimized model may be obtained from the model 110 to obtain a preliminary causal relation model . However , 
storage system 130 and data analysis may be performed those skilled in the art shall appreciate that embodiments of 
based on this model to provide a proper decision . For the present disclosure are not limited to the score - based 
example , in the above product retail field , the optimized 50 Bayesian network described herein , and the model training 
casualty model may formulate strategies automatically for a system 110 may also employ other existing or forthcoming 
user , or assist the user in formulating strategies for improv causal relation discovering learning technologies to obtain 
ing sales volume of umbrella or ice cream or sunscreen the preliminary causal relation model . 

It is assumed that there are p variables , the following 
It is to be understood that although the model training 55 matrix B may be used to show the causal relations among the 

system 110 , the model optimization system 140 , the data p variables : 
storage system 120 and the model storage system 130 are 
shown as separated from each other in FIG . 1 , embodiments ??1,1 B1 , p of the present disclosure are not limited in this regard . Based 
on an actual application , the model training system 110 and 60 
model optimization system 140 may be integrated , and the 
data storage system 120 and model storage system 130 may 
also be integrated . where the matrix B is a p - order matrix containing pxp 
FIG . 3 illustrates an optimized causal relation model 300 elements , and each element represents whether there is 

outputted by the model optimization system 140. Compared 65 direct causal relation between two variables corresponding 
with the preliminary causal relation model 200 shown in to the positions of the elements . Specifically , a variable Bi 
FIG . 2 , in the optimized causal relation model 300 shown in in the matrix B represents a direct cause relation between the 

means . 

cream . 
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jth variable and the ith variable among p variables . For traversing algorithm to determine directed edges in the 
example , the variable Bji in the matrix B represents whether directed acyclic graph 200 so as to determine two variables 
variable i is a direct cause of variable j . Speaking concretely , associated with the directed edges , namely , the two variables 
if IB.j > 0 , then variable i is a direct cause of variable j . It is having a direct causal relation . More specifically , when the 
to be noted that different order of two variables represents 5 causal relation model is represented as the matrix B men 
different causal relations . Thus , Bji and Bi ; represent different tioned above , the model optimization system 140 may 
causal relationships . In other words , the directions of edges determine two variables having direct causal relation by 
in the directed graph represented by the matrix B are looking up non - zero elements in the matrix B. For example , 
different . Moreover , a diagonal part in the matrix B repre- if Bji is non - zero , it can be determined that variables j and i 
sents the causal relation between each element and itself . 10 are two variables having a direct causal relation . 
Since there is no causal relation between specific elements At block 406 , the model optimization system 140 deter with themselves , the values of the elements at the diagonal mines whether the first and second variables are independent part should be set to 0 . based on the set of observation data . Statistically , Indepen As such , in a Bayesian network , the problem of deter mining causal relations among p variables based on a set of 15 dence between two random variables denotes refers to that 
observation data may be converted into a solution process the occurrence probabilities of the two variables do not 
for the matrix B describing the causal relations among a influence each other . That is , if the probability that the first 

and second variables occur simultaneously equals to a plurality of elements . 
Scoring criteria associated with causal relation may be product of their respective occurrence probability , the first 

defined based on a set of observation data and the above 20 and second variables are independent from each other . In 
matrix B. For example , fitting degree of the set of observa most cases , variables influence each other more or less , 
tion data to the causal relation network may be determined while normally this kind of influence relies on other vari 
as the scoring criteria based on the following equation : ables instead of being generated directly . To this end , in 

embodiments of the present disclosure , the model optimi 
25 zation system 140 may further determine whether the first 

?llx ; -x- , Bill3 +2 and second variables are conditionally independent under a 
18 ; lli certain condition . Statistically , conditional independence 

between two random variables means that the occurrence 
probabilities of the two variables do not influence each other where Bj represents the jth row of the matrix B , X3 denotes 30 under the occurrence of other variables . How to determine 

the observation data of the jih variable , x ; represents the whether the first and second variables are independent from observation data of variables apart from the jth variable , each other will be described in detail later with reference to represents L2 - Norm operation , and || || , represents L1 - Norm FIG . 5 . operation . At block 408 , in response to the first and second variables Then , a problem equation describing a causal relation is 35 
constructed based on scoring criteria : being independent from each other , the model optimization 

system 140 deletes the direct causal relation between the 
first and second variables from the preliminary causal rela 
tion model . When the causal relation model is represented as min ?lfs ; -x - 98 } | } + u?WB / 1 s.t. GE DAG 40 the directed acyclic graph 200 shown in FIG . 2 , the model B1 ... » Bp optimization system 140 may delete the edge between the 
node representing the first variable and the node represent 

where a constraint is that graph structure G should not ing the second variable from the directed acyclic graph 200 . 
contain a directed cyclic graph . In other words , the graph More specifically , where the causal relation model is repre 
structure G should be a directed acyclic graph . 45 sented as the matrix B mentioned above , the model optimi 
Next , the matrix B representing causal relations may be zation system 140 may set the element in the matrix B 

obtained by solving the problem equation . For example , the associated with the first and second variables as 0. As shown 
matrix B may be solved with a search algorithm described in FIGS . 2 and 3 , the edge between node 6 and node 27 , the 
in the article A * Lasso for learning a sparse Bayesian edge between node 8 and node 32 , the edge between node 
network structure for continuous variables ( NIPS , 2013 ) by 50 31 and node 30 , and the edge between node 16 and node 20 
Jing Xiang , Seyoung Kim et al . so as to obtain the prelimi- and so on are deleted because of independence or condi 
nary causal relation model . tional independence between nodes , thereby obtaining the 

It should be understood that the scoring criteria , problem optimized causal relation model as shown in FIG . 3 in which 
equation and solution of the problem equation described pseudo - causes are removed . As can be known from defini 
herein are only exemplary , and embodiments of the present 55 tions of independence and conditional independence of two 
disclosure are not limited in this regard . Those skilled in the random variables , two variables being independent or con 
art may define other scoring criteria and problem equation ditionally independent denotes that the occurrence prob 
and utilize other search algorithms to solve the problem abilities of the two variables do not influence each other , 
equation based on actual needs . namely , the occurrence of one variable does not influence 

At block 404 , the model optimization system 140 deter- 60 the occurrence of the other . In other words , if two variables 
mines a first and a second variables having direct causal are independent or conditionally independent , it demon 
relation among the plurality of variables based on the strates that one of the two variables cannot be the cause or 
preliminary causal relation model obtained at block 402. In effect of the other . Thus , in the obtained preliminary causal 
one embodiment of the present disclosure , where the causal relation model at block 402 , if the first and second variables 
relation model is represented as the directed acyclic graph 65 having direct causal relation are independent or condition 
200 shown in FIG . 2 , the model optimization system 140 ally independent , it means that the direct causal relation 
may traverse the directed acyclic graph 200 with graph between these two variables is not true , namely , pseudo 

p 
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cause . Therefore , deleting the pseudo - cause from the pre- application and the independence decision method in use . In 
liminary causal relation model will make the model more one embodiment of the present disclosure , it may be pre 
accurate . defined . If the association degree is within the first threshold 

The operations described in blocks 404 , 406 and 408 are range , for example , the Pearson correlation coefficient 
repeated so as to delete all the direct causal relation deter- 5 between two continuous variables is less than the first 
mined as pseudo - cause from the preliminary causal relation threshold , it means that the first and second variables are model , thereby obtaining a more accurate optimized causal unconditionally independent . In this light , in response to the relation model which is outputted for subsequent data analy association degree being within the first threshold range , at sis , e.g. , automated or semi - automated decision - making . 

FIG . 5 is a flowchart illustrating a method 500 for 10 mine that the first and second variables are independent . block 512 , the model optimization system 140 may deter 
determining whether two variables are independent in accor In embodiments of the present disclosure , to eliminate dance with embodiments of the present disclosure . The 
method 500 may be performed by the model optimization more pseudo - causes that are not helpful in actual applica 

tion , when the first and second variables are not uncondi system 140 shown in FIG . 1. At block 502 , the model optimization system 140 may determine an association 15 tionally independent , the model optimization system 140 
degree between the first and second variables based on a set may further determine whether the first and second variables 
of observation data . In embodiments of the present disclo- are conditionally independent . To this end , in response to the 
sure , the association degree may be used as a measurement association degree exceeding the first threshold range , at 
of the relationship between the probability of co - occurrence block 506 , the model optimization system 140 may deter 
of the first and second variables and the probability that two 20 mine a first set of related variables associated with the first 
variables occur separately . variable and a second set of related variables associated with 

In an embodiment of the present disclosure , to determine the second variable . 
the association degree , the model optimization system 140 In one embodiment of the present disclosure , when the 
may determine types of the first and second variables and causal relation model is represented as the directed acyclic 
select an independence decision method based on the deter- 25 graph 200 shown in FIG . 2 , the model optimization system 
mined types . For example , in the example of the product 140 may determine a set of parent nodes and spouse nodes 
retail field mentioned above , variables “ season ” and of the first variable as the first set of related variables , and 
" weather ” are discrete variables while variables “ tempera the model optimization system 140 may determine a set of 
ture , ” “ weather , " “ sales volume of umbrella , ” “ sales volume the parent nodes and spouse nodes of the second variable as 
of ice cream ” and “ sales volume of sunscreen cream ” are 30 the second set of related variables . As shown in FIG . 2 , the 
continuous variables . Based on the types of the first and parent nodes of node 8 is node 7 and node 9 , the spouse second variables , the corresponding calculation method of nodes of node 8 ( namely , nodes having the same child node the association degree may be adopted so as to ensure the as node 8 ) is node 28 and node 31 , and thus , the variable set feasibility of calculation and improve accuracy of calcula 
tion . associated with the node 8 is { node 7 , node 9 , node 28 , and 

In an embodiment of the present disclosure , in response to node 31 } . 
both the first and second variables being continuous vari In one embodiment of the present disclosure , Markov 
ables , the model optimization system 140 may employ a blanket sets of the first and second variables may be deter 
continuous independence decision method such as Pearson mined based on a set of observation data , respectively and 
correlation test to determine the association degree between 40 used as the first and second sets of related variables , respec 
the first and second variables . For example , based on the tively . The Markov blanket set for a variable X may be 
observation data associated with the first variable and the defined as follows : assuming that a complete set U of 
observation data associated with the second variable , a random variables is divided into three mutually exclusive 
Pearson correlation coefficient between the two variables is parts - variable X and set A and set B , which do not intersect 
calculated as the association degree . 45 and whose union set is U. If when the set A is given , the 

In an embodiment of the present disclosure , in response to variable X and set B are unrelated , and then the set A is a 
both the first and second variables being discrete variables , Markov blanket set of variable X. In embodiments of the 
the model optimization system 140 may determine the present disclosure , Markov blanket learning technology that 
association degree between the first and second variables by is already known in the art may be used to determine the 
adopting a discrete independence decision method such as 50 Markov blanket sets for the first and second variables , which 
chi - square test . For example , the deviation degree between will not be repeated here . 
the value inferred from the assumption that the first and At block 508 , the model optimization system 140 may 
second variables are independent and the actual value of a determine an association degree between the first and second 
set of observation data may be used as the association degree variables with a union set of the first and second sets of 
between the first and second variables . 55 related variables as a condition , which may be abbreviated 

In one embodiment of the present disclosure , in response as conditional association degree in the following . 
to one of the first and second variables being a discrete Similar to the block 502 , to realize the determination of 
variable while the other being a continuous variable , the conditional association degree and improve accuracy , the 
model optimization system 140 may adopt a hybrid inde- model optimization system 140 may select the conditional 
pendence check method such as GP - HSIC ( Gaussian pro- 60 independence decision method based on types of the first 
cess - Hilbert - Schmidt independence criterion ) to determine variable , the second variable and the conditional variable in 
the association degree between the first and second vari- the union set . For example , if the first variable , the second 
ables . variable and the conditional variable are all continuous 
At block 504 , the model optimization system 140 may variables , then the model optimization system 140 may 

determine whether the association degree between the first 65 select a continuous conditional independence decision 
and second variables is within a first threshold range . The method , for example , a partial correlation test , and calculate , 
selection of the first threshold range depends on the specific under the condition of union set of the first and second sets 
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of related variables , the partial correlation measurement of ing unit ( CPU ) 601 which may execute various appropriate 
the first and second variables as conditional association actions and processing based on the computer program 
degree . instructions stored in a read - only memory ( ROM ) 602 or the 
When the first variable , the second variable and the computer program instructions loaded into a random access 

conditional variable are all discrete variables , the model 5 memory ( RAM ) 603 from a storage unit 608. The RAM 603 
optimization system 140 may select a discrete decision may store various kinds of programs and data required by 
method ( for example , a chi - square test ) to determine the operating the storage device 600. The CPU 601 , ROM 602 
conditional association degree . For example , the deviation and RAM 603 are connected to each other via a bus 604. An 
degree between the assumed value inferred under the con- input / output ( I / O ) interface 605 is also connected to the bus 
dition that the first and second variables are conditionally 10 604 . 
independent ( with the union set of the first and second sets A plurality of components in the device 600 are connected 
of related variables as a condition ) and the actual value may to the I / O interface 605 , including : an input unit 606 , for 
be used as the conditional association degree . example , an keyboard , a mouse and the like ; an output unit 
When there are both a discrete variable and a continuous 607 , for example , various types of displays , loudspeakers 

variable among the first variable , the second variable and the 15 and the like ; a storage unit 608 , for example , a magnetic 
conditional variable , the model optimization system 140 disk , an optical disk and the like ; and a communication unit 
may select a hybrid check method ( such as GP - HSIC or 609 , for example a network card , a modem , a wireless 
PCI - Permute ( Permutation - based Kernel conditional Inde- communication transceiver and the like . The communication 
pendence Test ) ) to determine the conditional association unit 609 allows the device 600 to exchange information / data 
degree . 20 with other devices through computer networks such as 

At block 510 , the model optimization system 140 may Internet and / or various telecommunication networks . 
determine whether the conditional association degree is The processing unit 601 performs various methods and 
within a second threshold range . The second threshold range processing described above , for example , the method 400 
may be the same as or different from the first threshold and and / or the method 500. For example , in some embodiments , 
it also depends on actual application and the independence 25 the method 400 and / or the method 500 may be implemented 
decision method in use , and may be predefined . At block as computer software programs , which are tangibly included 
512 , in response to the conditional association degree being in a machine - readable medium , for example the storage unit 
within the second threshold range , the model optimization 608. In some embodiments , the computer program may be 
system 140 may determine that the first and second variables partially or completely loaded and / or installed to the device 
are independent from each other . At block 514 , in response 30 600 via the ROM 602 and / or the communication unit 609 . 
to the conditional association degree exceeding the second When the computer program is loaded to the RAM 603 and 
threshold range , the model optimization system 140 may executed by the CPU 601 , one or more steps of the above 
determine that the first and second variables are not inde- described method 400 and / or method 500 are implemented . 
pendent . Alternatively , in other embodiments , the CPU 601 may be 

In the method 500 shown in FIG . 5 , it is first determined 35 configured to implement the method 400 and / or the method 
at blocks 502 and 504 whether the first and second variables 500 in any other suitable manners ( for example , by means of 
are statistically unconditionally independent . In response to firmware ) . 
the first and second variables not being unconditionally The functionally described herein may be performed , at 
independent , it is determined at blocks 506 , 508 and 510 least in part , by one or more hardware logic components . For 
whether the two variables are statistically conditionally 40 example , without limitation , illustrative types of hardware 
independent . In this manner , more pseudo - causes may be logic components that may be used include field - program 
deleted from the causal relation model . mable gate arrays ( FPGAs ) , application - specific integrated 
On the other hand , only when the two variables are not circuits ( ASICs ) , application - specific standard products 

unconditionally independent , it is further determined ( ASSPs ) , system - on - a - chip systems ( SOCs ) , complex pro 
whether they are conditionally independent so as to save 45 grammable logic devices ( CPLDs ) , and the like . 
computation resources and time required for determining the Program code for carrying out methods of the subject 
set of related variables . For each direct causal relation in the matter described herein may be written in any combination 
preliminary causal relation model ( for example , each edge in of one or more programming languages . These program 
the directed acyclic graph shown in FIG . 2 ) , method 500 is codes may be provided to a processor or a controller of a 
repeated so that all the pseudo - causes in the preliminary 50 general purpose computer , special purpose computer , or 
causal relation model can be found and deleted , thereby other programmable data processing apparatus , such that the 
obtaining the optimized causal relation model as shown in program codes , when executed by the processor or the 
FIG . 3. This optimized causal relation model may be further controller , cause the functions / operations specified in the 
used for follow - up data analysis . flowcharts and / or block diagrams to be implemented . The 

Compared with the conventional score - based causal rela- 55 program code may be executed entirely on a machine , partly 
tion discovering method and statistical independence - based on the machine , as a stand - alone software package , partly on 
causal relation discovering method , embodiments of the the machine and partly on a remote machine or entirely on 
present disclosure can provide a more accurate causal rela- the remote machine or server . 
tion model so as to gain an insight into the complex working In the context of the subject matter described herein , a 
mechanism and working process behind a system and pro- 60 machine readable medium may be any tangible medium that 
vide more effective decisions to a user . may contain , or store a program for use by or in connection 
FIG . 6 is a schematic block diagram illustrating an with an instruction execution system , an apparatus , or a 

exemplary device 600 that may be used to implement device . The machine readable medium may be a machine 
embodiments of the present disclosure . The device 600 may readable signal medium or a machine readable storage 
be used to implement both the model training system 110 65 medium . A machine readable medium may include but not 
and model optimization system 140 shown in FIG . 1. As limited to an electronic , magnetic , optical , electromagnetic , 
shown in FIG . 6 , the device 600 includes a central process- infrared , or semiconductor system , apparatus , or device , or 
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any suitable combination of the foregoing . More specific in response to the association degree being within a 
examples of the machine readable storage medium would threshold range , determining that the first variable 
include an electrical connection having one or more wires , and the second variable are independent from each 
a portable computer diskette , a hard disk , a random access other ; and 
memory ( RAM ) , a read - only memory ( ROM ) , an erasable 5 in response to the first variable and the second variable programmable read - only memory ( EPROM or Flash being independent from each other , deleting from the 
memory ) , an optical fiber , a portable compact disc read - only preliminary model , the direct causal relation between memory ( CD - ROM ) , an optical storage device , a magnetic the first variable and the second variable to obtain the 
storage device , or any suitable combination of the foregoing . optimized model which is outputted for the automated Further , while operations are depicted in a particular 10 decision - making . order , this should not be understood as requiring that such 2. The method according to claim 1 , wherein the deter operations be performed in the particular order shown or in 
sequential order , or that all illustrated operations be per mining whether the first variable and the second variable are 
formed , to achieve desirable results . In certain circum independent from each other comprises : 
stances , multitasking and parallel processing may be advan- 15 determining , using the set of observation data , an asso 
tageous . Likewise , while several specific implementation ciation degree between the first variable and the second 
details are contained in the above discussions , these should variable ; and 
not be construed as limitations on the scope of the subject in response to the association degree being within a 
matter described herein , but rather as descriptions of features threshold range , determining that the first variable and 
that may be specific to particular implementations . Certain 20 the second variable are independent from each other . 
features that are described in the context of separate imple- 3. The method according to claim 2 , wherein the deter 
mentations may also be implemented in combination in a mining the association degree between the first variable and 
single implementation . Conversely , various features that are the second variable prises : 
described in the context of a single implementation may also selecting an independence decision method using a type 
be implemented in multiple implementations separately or in 25 of the first variable and a type of the second variable ; 
any suitable sub - combination . and 

Although the subject matter has been described in lan determining the association degree between the first vari guage specific to structural features and / or methodological able and the second variable using the selected inde acts , it is to be understood that the subject matter specified pendence decision method . in the appended claims is not nece cessarily limited to the 30 4. The method according to claim 3 , wherein the selecting specific features or acts described above . Rather , the specific 
features and acts described above are disclosed as example the independence decision method comprises : in response to 
forms of implementing the claims . both the first variable and the second variable being discrete 

variables , selecting a discrete independence decision 
We claim : method ; in response to both the first variable and the second 
1. A data processing method , comprising : variable being continuous variables , selecting a continuous 
upon performing an automated decision - making , obtain- independence decision method ; and in response to one of the 

ing , by a computer , a preliminary model representing first variable and the second variable being a discrete 
causal relations among a plurality of variables , wherein variable and the other variable being a continuous variable , 
the preliminary model is generated using a computer 40 selecting an independence decision method of hybrid check . 
training method and using a set of observation data of 5. The method according to claim 1 , wherein the deter 
the plurality of variables retrieved from a data storage mining the first set of related variables and the second set of 
system , and wherein the preliminary model comprises related variables comprises : 
directed edges representing causal relations between determining , using the set of observation data , a Markov 
the plurality of variables ; blanket set for the first set of related variables and a 

determining , by the computer , using the preliminary Markov blanket set for the second set of related vari 
model , a first variable and a second variable having ables using a Markov blanket learning technology . 
direct causal relation in the plurality of variables ; and 6. The method according to claim 1 , wherein the prelimi 

generating , by the computer , an optimized model repre- nary model comprises a directed acyclic graph with nodes 
senting causal relations among the plurality of variables 50 representing the plurality of variables , and 
by operations comprising : wherein the determining the first set of related variables 
determining , by the computer , whether the first variable and the second set of related variables comprises : 

and the second variable are independent from each determining a set of parent nodes and spouse nodes for a 
other using an independence check computer ana- first node representing the first variable in the directed 
lyzing method and using the preliminary model , 55 acyclic graph , as the first set of related variables ; and 
wherein the determining whether the first variable determining a set of parent nodes and spouse nodes for a 
and the second variable are independent from each second node representing the second variable in the 
other comprises : directed acyclic graph , as the second set of related 
determining , by the computer from the plurality of variables . 

variables , a first set of related variables associated 60 7. The method according to claim 1 , wherein the deter 
with the first variable and a second set of related mining the association degree between the first variable and 
variables associated with the second variable ; the second variable with the union set of the first set of 

determining , by the computer using the set of obser- related variables and the second set of related variables as a 
vation data , an association degree between the first condition comprises : 
variable and the second variable with a union set 65 selecting an independence decision method using a type 
of the first set of related variables and the second of the first variable , a type of the second variable , and 
set of related variables as a condition ; and a type of a conditional variable in the union set ; and 
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determining the association degree between the first vari- preliminary model , by the computer , the direct causal 
able and the second variable using the selected inde relation between the first variable and the second 
pendence decision method with the union set as a variable to obtain the optimized model which is out 
condition . putted for the automated decision - making . 

8. The method according to claim 7 , wherein the selecting 5 12. The electronic device according to claim 11 , wherein 
the independence decision method comprises : in response to the determining whether the first variable and the second 
the first variable , the second variable , and conditional vari- variable are independent from each other comprises : 
able being discrete variables , selecting a discrete indepen- determining , using the set of observation data , an asso 
dence decision method ; in response to the first variable , the ciation degree between the first variable and the second 
second variable , and the conditional variable being continu- 10 variable ; and 
ous variables , selecting a continuous independence decision in response to the association degree being within a 
method ; and in response to both a discrete variable and a threshold range , determining that the first variable and 
continuous variable being present among the first variable , the second variable are independent from each other . 
the second variable , and the conditional variable , selecting 13. The electronic device according to claim 12 , wherein 
an independence decision method of hybrid check . 15 the determining the association degree between the first 

9. The method according to claim 1 , wherein the obtaining variable and the second variable comprises : 
the preliminary model comprises : selecting an independence decision method using a type 

obtaining the preliminary model using a score - based of the first variable and a type of the second variable ; 
causal relation Bayesian network . and 

10. The method according to claim 1 , further comprising 20 determining the association degree between the first vari 
performing , by at least one processor , automated decision- able and the second variable using the selected inde 
making using the generated optimized model . pendence decision method . 

11. An electronic device , comprising : 14. The electronic device according to claim 13 , wherein 
at least one processor ; and the selecting the independence decision method comprises : 
a memory having instructions stored thereon which , if 25 in response to both the first variable and the second variable 

executed by the processor , cause the electronic device being discrete variables , selecting a discrete independence 
to perform a method comprising : decision method ; in response to both the first variable and 

upon performing an automated decision - making , obtain- the second variable being continuous variables , selecting a 
ing a preliminary model representing causal relations continuous independence decision method ; and in response 
among a plurality of variables , wherein the preliminary 30 to one of the first variable and the second variable being a 
model is generated using a computer training method discrete variable and other variable being a continuous 
and using a set of observation data of the plurality of variable , selecting an independence decision method of 
variables retrieved from a data storage system , and hybrid check . 
wherein the preliminary model comprises directed 15. The electronic device according to claim 11 , wherein 
edges representing causal relations between the plural- 35 the determining the first set of related variables and the 
ity of variables ; second set of related variables comprises : 

determining , by the at least one processor , using the determining , using the set of observation data , a Markov 
preliminary model , a first variable and a second vari blanket set for the first set of related variables and a 
able having direct causal relation in the plurality of Markov blanket set for the second set of related vari 
variables ; and ables using a Markov blanket learning technology . 

generating , by the at least one processor , an optimized 16. The electronic device according to claim 11 , wherein 
model representing causal relations among the plurality the preliminary model comprises a directed acyclic graph 
of variables by operations comprising : with nodes representing the plurality of variables , and 
determining , by the at least one processor , whether the wherein the determining the first set of related variables 

first variable and the second variable are independent 45 and the second set of related variables comprises : 
from each other using an independence check com- determining a set of parent nodes and spouse nodes for a 
puter analyzing method and using the generated first node representing the first variable in the directed 
preliminary model , wherein the determining whether acyclic graph as the first set of related variables ; and 
the first variable and the second variable are inde- determining a set of parent nodes and spouse nodes for a 
pendent from each other comprises : second node representing the second variable in the 
determining , by the at least one processor , from the directed acyclic graph , as the second set of related 

plurality of variables , a first set of related variables variables . 
associated with the first variable and a second set 17. The electronic device according to claim 11 , wherein 
of related variables associated with the second the determining the association degree between the first 
variable ; 55 variable and the second variable with the union set of the 

determining , by the at least one processor , using the first set of related variables and the second set of related 
set of observation data , an association degree variables as a condition comprises : 
between the first variable and the second variable selecting an independence decision method using a type 
with a union set of the first set of related variables of the first variable , a type of the second variable , and 
and the second set of related variables as a con- 60 a type of a conditional variable in the union set ; and 
dition ; and determining the association degree between the first vari 

in response to the association degree being within a able and the second variable using the selected inde 
threshold range , determining that the first variable pendence decision method with the union set as a 
and the second variable are independent from each condition . 
other ; and 18. The electronic device according to claim 17 , wherein 

in response to the first variable and the second variable the selecting the independence decision method comprises : 
being independent from each other , deleting from the in response to the first variable , the second variable and 
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conditional variable being discrete variables , selecting a generating , by the computer , an optimized model repre 
discrete independence decision method ; in response to the senting causal relations among the plurality of variables 
first variable , the second variable and the conditional vari- by operations comprising : 
able being continuous variables , selecting a continuous determining , by the computer , whether the first variable 
independence decision method ; and in response to both a and the second variable are independent from each 
discrete variable and a continuous variable being present other using an independence check computer ana 
among the first variable , the second variable and the con lyzing method and using the generated preliminary 
ditional variable , selecting an independence decision model , wherein the determining whether the first 

variable and the second variable are independent method of hybrid check . 
19. The electronic device according to claim 11 , from each other comprises : wherein 

the obtaining the preliminary model comprises : determining , by the computer , from the plurality of 
obtaining the preliminary model using a score - based variables , a first set of related variables associated 

with the first variable and a second set of related causal relation Bayesian network . variables associated with the second variable ; 20. A non - transitory computer - readable storage medium 
having computer - executable instructions stored thereon , the determining , by the computer , using the set of obser 
computer - executable instructions , if executed , causing a vation data , an association degree between the first 

variable and the second variable with a union set computer to perform a method comprising : of the first set of related variables and the second upon performing an automated decision - making , obtain 
ing a preliminary model representing causal relations set of related variables as a condition ; and 
among a plurality of variables , wherein the preliminary in response to the association degree being within a 
model is generated using a computer training method threshold range , determining that the first variable 
and using a set of observation data of the plurality of and the second variable are independent from each 
variables retrieved from a data storage system , and other ; and 
wherein the preliminary model comprises directed in response to the first variable and the second variable 
edges representing causal relations between the plural being independent from each other , deleting from the 
ity of variables ; preliminary model , by the computer , the direct causal 

relation between the first variable and the second determining , by the computer , using the generated pre 
liminary model , a first variable and a second variable variable to obtain the optimized model which is out 
having direct causal relation in the plurality of vari putted for the automated decision - making . 
ables ; and 
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